Abstract. We present preliminary results from a survey of the effects of interplanetary shocks on energetic >47 keV ions and >38 keV electrons as observed by the field (MAG), plasma (SWEPAM) and energetic particle (EPAM) experiments on the ACE spacecraft. From September 1997 to December 2001 ACE observed over 270 shocks, from which we have selected a total of 168 forward transient interplanetary shocks. Particle events associated with these shocks range from large particle intensity enhancements lasting several hours to small shock spikes lasting only a few minutes, as well as events where no intensity increases are observable. Our survey of the proton and electron intensitytime profiles has revealed the following: (1) intensity increases associated with a shock passage are more frequently observed in the low-energy ion fluxes; (2) electron shock events, which occur less frequently than ion shock events, are mainly spikes or step-like post-shock increases; and, (3) peak intensities are usually observed within ~2 minutes of the shock passage with a clear trend towards occurrence in the downstream region of the shock.
INTRODUCTION
Increases of energetic charged particle intensities observed in association with the passage of transient interplanetary shocks are known as energetic storm particle (ESP) events. Phenomenological classification of interplanetary shocks and associated ESP events has revealed a richness of different shock structures and a wide variety of different types of ESP events [1, 2] . In this paper we present preliminary results of a statistical study aimed at characterizing the time-intensity profiles of ions (>47 keV) and electrons (>38 keV) during the passage of forward transient interplanetary shocks. Such studies help one to assess what conditions are necessary for shock acceleration to occur and what role irregularities in the ambient solar wind and/or shock surface may play in producing and modifying shock-accelerated particle populations.
EVENT CLASSIFICATION
We use observations of magnetic fields, solar wind plasma, and energetic ions and electrons from the ACE spacecraft. We include interplanetary shocks observed during the period September 1997 (shortly after ACE launch) through December 2001, i.e., the rise to maximum of the solar cycle 23. The solar wind plasma [3] and magnetic field [4] instruments on ACE, at the L1 Lagrangian point ~230 R E upstream of the earth, have detected over 270 shocks during this time interval. A preliminary list of the shocks is available at http://www.bartol.udel.edu:80/~chuck/ace /ACElists/obs_list.html. In order to analyze only those energetic particle events associated with forward transient interplanetary shocks, we have excluded from this study reverse shocks and shocks associated with corotating interaction regions or stream interaction regions. In addition, shocks associated with the most intense solar energetic particle (SEP) events, such as the Bastille Day 2000 and November 2001 events, were also excluded because of possible instrument anomalies during these time intervals. A total of 168 forward transient interplanetary shocks were left for our analysis.
We use energetic particle data from the EPAM instrument [5] on ACE, in particular from the Low Energy Magnetic Spectrometer (LEMS) telescopes that measure 47-4800 keV ions and 38-315 keV electrons. We have analyzed high-time resolution data (12 seconds) as well as longer-time averages (1 min, 5 min and 1 hour) of spin-averaged ion and electron intensities during several time intervals (1 hour, 10 hours and 1 day) around the shock passage. We find that the time-intensity profiles in association with the shock passages are best described by dividing them into 6 different categories:
• Type 0 → No obvious intensity variation above the pre-existing intensity level (Nothing).
• Type 1→ Slow rise of the particle intensity beginning several hours before the shock (Classic ESP event).
• Type 2→ Intensity spike of a few (~10) minutes duration at or near the shock (Spike).
• Type 3→ A classic ESP event with a spike at or near the shock superimposed on it (ESP+spike).
• Type 4→
Step-like post-shock increase (
Step-like).
• Type 5→ Irregular time-intensity profile with flux variations not coincident with the shock passage and not fitting into the types described above (Irregular).
FIGURE 1.
Six examples of shock-associated energetic particle events in energy channels 47-68 keV and 1.9-4.8 MeV for ions and 38-53 keV for electrons. The event classification is based on the 47-68 keV ion channel. Note the same time-scale was used in our event classification. Plotted fluxes are 1-min spin-averages as measured by LEMS120 for ions and LEMS30 for electrons. Figure 1 shows 6 examples of shock-associated particle events, corresponding to each of the 6 types of events. It is important to note that a single event may fall into different categories for the different energy ranges we analyzed. For example the event in the right bottom panel would be classified as Type 5
(irregular) for the 47-68 keV ion channel, but only as Type 0 (nothing) for the 1.9-4.8 MeV ion channel. Thus the classifications given in Figure 1 are assigned only on the basis the 47-68 keV ion channel. Figure 2 shows the number distribution of events for each different type. Solid bars are for 47-68 keV ions, gray bars for 1.9-4.8 MeV ions and hatched bars for 38-53 keV electrons. It is clear that shock associated changes in ion intensities are more prominent at lower energies. A large fraction of the shock events (83%) show no measurable change in the flux of >38 keV electrons. Irregularities in ion intensities due to either confinement by plasma structures (other than the shock) or to passage by the spacecraft of field lines bearing non-locally shockaccelerated particles, are abundant and more prominent at lower ion energies. Spike events, either isolated or superimposed on ESP events, constitute a significant fraction of the events with measurable particle flux enhancements for both ions (33%) and electrons (43%). ESP events (either with or without spikes) constitute a large fraction of events with particle flux enhancements for both low-energy (46%) and high-energy (58%) ions, but a smaller fraction for electrons (28%).
In comparison with ion events, step-like postshock increases are much more common in the electron fluxes. As suggested by Tsurutani and Lin [2] , energetic electrons may have gyroradii comparable to the shock thickness. Plasma waves at the shock transition may be able to scatter the energetic electrons in pitch-angle as they pass through the shock, thus providing some coupling of these electrons to the solar wind plasma as it is compressed in the shock transition. On the other hand, shock drift acceleration might also provide a mechanism for producing these post-shock enhancements [2] . FIGURE 2. Number distribution of shock-associated energetic particle events for the energy channels 47-68 keV and 1.9-4.8 MeV for ions and 38-53 keV for electrons. Different energies or species in the same event may be assigned to different types.
For those events with energetic particle flux enhancements (Type > 0), we computed the time delay between the shock passage and the time when the local peak intensity is observed. We used 12-second averaged magnetic field (B) and energetic particle data to locate the shock arrival and the peak intensity observed around the shock passage. Figure 3 shows the number distribution of these time delays for the 47-68 keV and 1.9-4.8 MeV ion channels and for the 38-53 keV electron channel. The solid line marks the time of the shock passage, which we identified as the time when |B| starts to increase (i.e., the foot of the shock). Times to the left of the line mean that the peak intensity is observed prior to the shock, while those to the right mean that the peak intensity is observed after the shock passage. Peak intensities typically tend to occur about ~0.5-3.5 minutes after the shock passage. For instance note that all the events in Figure 1 (except the two events in the two top panels) showed peak intensities after the shock passage. Events with long time delays (positive or negative) are irregular events. The tendency for peak intensities to lie downstream of the shock, which is most prevalent in the low-energy ion and electron fluxes, probably arises from several effects, including: (1) our identification of the shock passage with the foot of the shock, which may introduce a systematic offset (i.e., our criterion assigns too early a time to passage of the shock transition); (2) the presence of fluctuations in B in the downstream region of the shocks; and, (3) variations in the preshock plasma, field, and seed particle levels that introduce random variations in intensities of shock-accelerated, post-shock particles. Fluctuations in B, associated with the overshoot of the shock or formed in the compressed plasma left behind the shock, may be very efficient at trapping energetic particles with small gyroradii and therefore produce the peak intensity several minutes after the shock passage. Particles with larger gyroradii are less affected by these downstream fluctuations, and the peak intensity tends to occur closer to the shock passage. Also, with regard to (3), random variations in the angle θ Bn between the local B and shock normal can produce random "bursts" of downstream intensity increases. For example, ions incident on the shock within a flux tube where, locally, θ Bn ≈90°, will rapidly pass downstream, having their energy component transverse to B enhanced by a factor equal to the shock compression ratio. Once downstream, this transient intensity peak will decay, with a dissipation rate increasing with ion energy, i.e., as faster ions leave the localized enhancement more rapidly. Thus, such intensity bursts will survive longer for lower energies, as observed in the top two panels of Figure 3 . Other singular cases may be those associated with shocks with slow transitions (>1 min) between upstream and downstream magnetic fields and those cases when non-local magnetic connection between the spacecraft and a remote section of the shock efficient in particle acceleration is established after the shock passage, thus producing peak intensities well behind the passage of the shock.
SUMMARY
Solar cycle 23 has provided us a rich and diverse set of data with several types of shock-associated energetic particle events. Classification of these events is the first step to further comparison with shockacceleration theories and hence assess the relative merits of shock-acceleration models. Correlation between energetic particle intensities and shock characteristics, such as θ Bn , local shock speeds, magnetic field and density compression ratios, as well as plasma and magnetic field peculiarities of the shocks, will allow us to determine the origins of the great variety of shock-associated particle events.
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